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Abstract Walking is a fundamental motor skill that
significantly affects the level of independence in older
adults. The amount of variability present in a walking
pattern reflects the quality of neuromuscular control.
It is well established that a large proportion of falls in
older people occurs when walking. The prevention of
falls is vital for minimizing disability, preventing
injury, and impeding the development of frailty and
subsequent deterioration in quality of life. The present
literature review focuses on dynamic stability. In
dynamic stability, both the base of support and the
center of mass are in motion, and effective balance
function is required. In general, older adults are
expected to have different movement patterns from
younger adults, expressed by differences in limb
kinematics and kinetics. A better understanding of
the biomechanical variables involved can help antici-
pate and prevent potential falls.
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Introduction
Walking is a fundamental motor skill that significantly
affects the level of independence in older adults. There
is no unique walking pattern, and the pattern varies
from person to person. The amount of variability
present in a walking pattern reflects the quality of
neuromuscular control. Minor variability indicates
better neuromuscular control and walking stability.
The walking pattern of individuals becomes more
inconsistent as they grow older, and walking patterns
are considered stable until there is evidence of a fall. It
is well established that a large proportion of falls in
older people occurs when walking. The prevention of
falls is vital for minimizing disability, preventing
injury, and impeding the development of frailty and
subsequent deterioration in quality of life [39].
Falls result from a complex interaction of risk factors,
and over 130 of these risk factors have been identified
[14, 40]. Effective control of balance depends on the
interaction of many factors including integration of
visual, vestibular, and proprioceptive information
concerning body position, appropriate biomechanical
alignment, sufficient muscle strength, and quick, coor-
dinated muscle activation patterns. Impairment in any
of these domains reduces an individual_s ability to
balance the multiple connections in the musculoskel-
etal system while standing or ambulating.
Posture is the term used to describe the orientation
of any body segment relative to the gravitational
vector. Balance refers to body posture dynamics that
prevent falling [53]. To maintain balance, the postural
control system keeps the body_s center of mass (COM)
over the base of support (BOS). The BOS is the
minimum area enclosing the body_s contact with the
ground. Therefore, while standing, the BOS is the area
enclosing the soles of the feet (or shoes). A smaller
BOS gives a smaller area for the alignment of the
COM, and the body in such a position is considered
less stable. This postural control process is referred to
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as dynamic stability. From a mechanical point of view,
the goal is to regulate the relationship between the
COM and the BOS. Situations requiring balance can
be classified into three general conditions: mainte-
nance of a stable position, postural adjustment to
voluntary movements, and reactions to external pre-
dicted and unpredicted perturbations (slipping or
tripping). In dynamic stability, both the BOS and the
COM are in motion. Prevention of falls requires
effective balance function under dynamic conditions
because most falls are caused by sudden motion of the
BOS or by sudden acceleration of the COM. Stability
can be defined as the ability of a system to return to its
original state, i.e., desired movement trajectory after a
disturbance. Many elderly individuals possess poor
dynamic stability which can increasingly worsen as a
result of a combination of chronic deterioration of
musculoskeletal, neuromuscular, and somatosensory
systems, due to genetic traits, lifestyle, and other
factors [25, 26, 43, 44, 51]. The performance of
different daily life activities has a threshold level. In
many cases, older adults closely meet that threshold
with little reserve effort. Therefore, every exceptional
movement which exceeds that threshold can lead to an
inability to perform simple tasks such as recovering
from a light perturbation in walking.
Review of literature
Gait characteristic
Older adults tend to walk more slowly (self-selected
and maximal speed), have a shorter step length,
broader walking base, less vertical displacement of
the COM, and disturbed coordination between upper
and lower extremities compared to young adults. This
results in a gait cycle with a longer stance and/or
longer double support time. It is generally believed
that the changes in temporal gait parameters and body
kinematics of older adults is a more stable or safer gait
pattern, suggesting that older people compensate for
their reduced physical capabilities by being more
cautious [3, 4, 8–10, 16, 18–21, 24, 27, 28, 32, 34, 39,
41, 42, 47, 50, 54, 55].
Although gait changes could represent the adoption
of a more stable walking pattern among the elderly, it
has been suggested that these same safety adjustments
may constitute risk factors for falls [26]. It appears that
reduced walking speed is a compensatory strategy to
maintain balance. Nevertheless, the fact that some
older people who adopt this strategy are still likely to
suffer from falls suggests that there is another aspect in
their gait predisposing them to losing balance when
walking [26].
Dynamic stability
The key to dynamic stability is the momentum control
of the COM. The distribution of body mass is such that
two-thirds of mass is in the head, arms, and trunk.
Because of the large mass and inertia moment of the
upper body, its position and movement (forward
momentum) can be critical in the overall stability of
the upright stance [53]. Individual self-selected walking
speed is optimal in relation to minimizing the variabil-
ity of head and pelvic movements [26]. The use of
momentum by older adults is perhaps a compensatory
strategy. When there is insufficient lower extremity
torque generating capacity, upper body momentum
may be used to maintain the gait at a steady state [30,
31, 46, 52]. To assist the development of speed and
movement, a large range of momentum generation is
employed to compensate weak quadriceps [48]. In
contrast, momentum must also be controlled and
attenuated to maintain stability. The moment of force
at the hip has two functions: one is to keep the lower
limb from collapsing during the weight support phase,
and the second is to help control the upper body
position during weight transfer and the single limb
phase. Older adults limit their gait velocity to lessen
momentum generation. This is a result of insufficient
balance control or strength needed to dissipate mo-
mentum generated by faster gait velocity. Age-related
changes in lower trunk movement control during gait
preserve upper body posture and walking speed. Such
control requires a leading trunk and higher mechanical
energy demands by the lower trunk_s musculoskeletal
system. These two factors may reduce the ability to
recover from dynamic instabilities [37].
Responses to perturbation
Recovery from significant perturbation, such as a slip,
can be successful when movement stability can be
reestablished with protective stepping. An effective
stepping response is often critical in avoiding a fall.
Compensatory stepping, the act of taking a step from a
stationary position or dynamic situation, requires the
individual to in effect lose balance and then regain a
stable posture once the step has been completed.
Successful balance recovery by stepping is governed
by a combination of step length, step execution time,
and leg strength [17]. This activity generally becomes
more difficult with advancing age. Stepping is neces-
sary if there is sufficiently high velocity of the COM,
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even if the COM is located within the BOS at step
initiation. Older adults employ a rapid stepping
response compared to young adults under the same
conditions because such stepping responses are less
threatening to loss of balance [29, 38].
Proper initial foot placement for gait initiation and
for stepping recovery responses should also be consid-
ered, and the first step length variability observed
among elderly fallers may be an important predictor of
postural problems. Gait initiation, which is a transient
phase between standing and walking, could contribute
to an increase in age-related variability in the control
of foot placement (anterior–posterior and medial–
lateral) and/or COM displacement [35, 43].
Imbalance of the whole body during obstacle
crossing may cause inappropriate movement of the
lower extremities and result in foot-obstacle contact.
Older adults seem to use a more conservative strategy
for obstacle crossing. In a study comparing obstacle
crossing of older and young adults, older adults
demonstrated crossing velocity reductions of the lead-
ing limb, trailing limb, and COM compared to young
adults [17, 23]. Older adults adopted a swing hip
flexion strategy to achieve a higher leading toe
clearance than young adults. With increasing obstacle
height, the older adults increased leading toe clearance
by changing fewer joint angular components. In
contrast, when the trailing limb was crossing, the older
group showed no significant difference in the trailing
toe clearance compared to the young group, although
different joint kinematic patterns were evident [33].
The angular velocity of hip flexion from toe off to toe
over the obstacle in older adults was 20% less than
that in young adults [15]. We now know that older
adults demonstrate shorter crossing step lengths,
slower crossing velocities, and shorter postobstacle
heel strike distances [6]. Longer pre-obstacle toe
approach distances and vertical toe clearance heights
among older adults are significantly lower than those
demonstrated by young adults [2].
Older adults tend to react sooner to less severe
balance disturbances than younger adults [5, 11]. In
addition, older adults demonstrate less sagittal plane
COM motion, shorter crossing step length, smaller
step width, slower crossing velocity, shorter postob-
stacle heel strike distance, and larger preobstacle toe
approach distance than young adults during obstacle
negotiation [2, 6, 7]. These findings suggest that older
adults are at a higher risk for tripping during obstacle
negotiation tasks due to the higher probability of
obstacle contact enhanced by low clearance height.
One hypothesis for the increase of stepping among
older adults is that older adults may be unable to gen-
erate the necessary counterbalancing muscle torques,
either in magnitude or in the rate of muscle torque
development, needed to control the body_s horizontal
momentum [1, 12, 13]. However, this explanation
should be viewed cautiously. Recent studies further
reveal that, compared to young adults, limited frontal
plane pelvic motion, kinetic accommodation in the
sagittal plane, and nonoptimal foot placement might
contribute to a greater risk of tripping in elderly adults
[2, 36].
Stumbling responses in the elderly do not differ
much from the responses of young adults. In several
studies, both age groups demonstrated similar recov-
ering strategies to perturbation [29, 49]. However,
some important differences in the stumbling responses
of older and young adults were observed. First, the
elderly were less successful in avoiding the obstacle
after tripping in early swing. Second, after both early
and late swing perturbations, the characteristics of the
motor responses, such as response latency and ampli-
tude, varied between both groups [49]. The increased
risk of falling after tripping in the elderly results from
changed muscle responses in the stumbling reaction of
older adults.
Older adults demonstrate ineffective early reactive
postural responses due to slower onset latencies and
smaller magnitudes of primary postural muscle
responses which result in a longer time required to
fully regain balance. A second indication of reduced
effectiveness is demonstrated in a longer duration of
coactivating both legs (perturbed and nonperturbed).
This reflects increased energy expenditure required to
regain balance. This response also slows down the
restoration of joint trajectories to those present during
normal walking. A secondary balance strategy ob-
served in older adults is the activation of two posterior
muscles on the nonperturbed leg (medial gastrocnemi-
us and gluteus maximus). The activation of these two
muscles may partially account for the shortened stride
length after the slip.
It has also been suggested that recovery from
tripping is partially dependent on controlling the
resulting trunk flexion [22]. Individuals with greater
trunk flexion during gait are less likely to regain
control of their trunk before a point of terminal
instability after tripping [45].
Conclusion
In conclusion, older adults are expected to have
different moving patterns from younger adults
expressed by differences in kinematics and kinetics of
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the limbs. The literature indicates that several biome-
chanical variables can be used to anticipate and
prevent a potential fall. It is important to expand
research methods to more realistic situations found in
the elderly person_s environment. Once one can
predict who will fall as well as when and where that
fall is most likely to occur, actions can be taken to
prevent it.
The ultimate goal is to provide the older adult with
an acceptable level of functioning. Conservation and
restoration of muscular control and strength are
important for optimum functioning. To achieve this
goal, well-designed programs must be planned, taking
into consideration dynamic stability research findings.
The protocols must be decided on an individual basis
because of the numerous variables that must be
considered. Designing and applying an appropriate
program to this population is not an easy task. Yet, in
spite of the difficulties, there is no room for shortcuts.
Regular participation in activities of moderate intensi-
ty should be encouraged in the older community to
preserve physical functioning and independence. It is
clear that the outcome of the vicious cycle—low
performance levelYsedentary habitsYloss of func-
tionYlower performance levels—is dependency.
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